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(57) ABSTRACT 

A data compression System using vector quantization utilises 
a codebook or indeX tables constructed by finding a Small Set 
of points in an n-dimensional Space which are representative 
of a much larger population. The Space is partitioned Such 
that the integrals of the probability density functions over all 
the Subspaces are approximately equal and thereafter the 
centre of gravity of each Subspace is taken to represent the 
Subspace population. The partitioning is effected Sequen 
tially to map n-dimensional Space into one dimensional code 
Space. 
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VECTOR QUANTIZATION CODEBOOK 
GENERATION METHOD 

FIELD OF THE INVENTION 

The present invention relates to vector quantisation data 
compression and in particular to a method of constructing a 
codebook for use in Vector quantisation data compression 
and to codebooks So constructed. 

BACKGROUND OF THE INVENTION 

When Storing or transmitting large amounts of digital data 
it is often desirable to be able to compress the data to a 
Significant extent to reduce Storage Space or transmission 
time. This need for compression is particularly acute when 
dealing with digital video which tends to involve extremely 
large amounts of data which must be handled at high Speed 
(particularly for real-time applications Such as Video phone 
communication). 
One technique used for compressing digital Video is 

known as "vector quantisation, where a codebook of refer 
ence patches (e.g. relatively Small portions taken from one 
or more library or archetypal images) is utilised. In the 
Simplest form of this technique, each image to be com 
pressed is partitioned into a number of image patches and a 
matching (i.e. Similar) reference patch Selected for each 
image patch from the codebook by comparing patches on a 
pixel by pixel basis. The codebook index for each chosen 
reference patch is Stored, together with the corresponding 
position vectors of the image patches (i.e. their position in 
the original image), to provide a compressed representation 
of the image. Provided that a copy of the codebook is 
available, an approximation to the original image can be 
constructed by using the Stored codebook indices to recover 
the required set of reference patches and inserting these into 
an image frame using the respective Stored image patch 
position vectors. The achievable degree of compression is a 
function of the Size of the image patches into which the 
image is partitioned, larger patches allowing higher com 
pression. 

Simple vector quantisation techniques require an exhaus 
tive Search of the codebook for each image patch, a proceSS 
which is extremely computationally expensive where large 
codebooks are used to maximise the quality of the com 
pressed images and where large patches, necessitating a 
large number of pixel comparisons, are generated to maxi 
mise the compression ratio. One technique used to reduce 
this Search overhead is known as hierarchical vector quan 
tisation (HVO). This technique is described in Hierarchical 
Vector Quantisation of Perceptually Weighted Block Trans 
forms; N Chadda, M Vishwanath, and PA Chou; Proceed 
ings of the Data Compression Conference; IEEE, 1995, 
pp3-12. 
To illustrate HVO, consider that it is desired to compress 

an individual digitised frame of a black and white video 
Sequence where the frame is composed of an array of pixels 
each having an intensity value in the form of a byte-integer. 
Suppose that the frame is divided into patches formed by 
pairs of horizontally adjacent pixels (so that each pair is 
represented by a pair of intensity values or a 2-D vector i,j]) 
and a codebook Bo is provided which contains a number of 
reference patches, each reference patch consisting of a pair 
of horizontally adjacent pixels and the number of reference 
patches in the codebook (e.g. 256) being considerably less 
than the total number of possible pixel pair patches. An 
indeX table To is provided which maps every possible value 
of the 2-D vectors to associated codebook addresses, Such 
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2 
that Toij addresses the closest entry in Bo (i.e. BoToi,j]) 
to the vector i,j). Finding the closest entry in the codebook 
to a given input vector can then be determined simply by 
looking up the table To. 

Consider now that the frame to be compressed is Sub 
divided into patches of 2x2 pixels So that each patch is 
represented by a four dimensional vector of intensity values 
i,j,k,l). Each of these 4-D vectors is split into two 2-D 
-vectors and, using tables To, can be mapped to a further 2-D 
vector Toij, Tok,l. Suppose that a second codebook B, 
contains a number of 4-D vectors p,q,rs which correspond 
to a set of four pixel patches (where again the number of 
patches is considerably less than the total number of possible 
four bit patches). A second level index table T -is con 
Structed Such that BT Toij, Tok,l is the closest entry 
in B to BoToij, BoTok,l. Finding the closest entry in 
the codebook B to a given input vector can then be 
determined by looking up the table To for pixel pairs i,j 
and k, l, and then applying the resultant 2-D vectors Ti, 
j, Tk, l to the table T. This process is illustrated in FIG. 
1. 

In a non-HVO proceSS, it is necessary to provide a 
codebook containing 4-D vectors and, for each 4-D vector 
(or patch) in an image to be compressed, to compare each 
entry in that vector against the corresponding entry in each 
vector in the codebook. Such an exhaustive Search proceSS 
requires nxm comparison operations to find a matching 
vector, when n is the number of elements in the vector and 
m is the number of entries in the codebook. The HVO 
process in contrast requires n-1 look-up Steps to find a 
matching vector. Given that comparisons and look-ups are 
of approximately the same computational cost, it will be 
appreciated that nxm is much greater than n-1 for reason 
able values of m and that the HVO look-up process will be 
approximately m times faster than the exhaustive Search. 
For each further level of the index table (T.T etc) added 

in the HVO process, the compression ratio is increased 
further. It is noted that in practice, only the final level 
codebook B need be retained as the intermediate codebooks 
are not essential to carrying out the HVO process. 

Hierarchical vector quantisation may be used to compress 
colour images by Separating out the three components of 
colour images (e.g. red, blue, green) and compressing them 
Separately, and recombining the three Sets of codebook 
reference patches to produce a decompressed image. 

It will be clear that in order to use HVO effectively, it is 
necessary to construct a series of tables To . . . . and 
codebooks Bo, where m is log of the number of pixels 
in the largest patch used for compression. The conventional 
HVO approach is to develop codebooks first, e.g. by extract 
ing reference patches from a number of archetypal image 
frames, and then to derive the tables from the codebooks. 

Since the patches at the final level m are twice the size of 
the patches at level m-1, the indeX table T is constructed 
by taking all possible pairs of patches at level m-1 and by 
conducting an exhaustive Search of patches in the codebook 
at level m to identify the patch at level m which is most 
similar. Thus, if the level m-1 patches 7 and 13 when placed 
together most closely resemble level m patch 100, T7,13 
would be set to 100. This process is propagated back 
thorough the levels to create a codebook and an indeX table 
at each level. 

In this approach, the Selection of level m codebook 
patches taken from the archetypal image frames is essen 
tially arbitrary. The result is that certain ones of these 
patches may never or only infrequently be Selected as a 
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match for a patch from an image to be compressed, resulting 
in an inefficient codebook. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to overcome or at 
least mitigate disadvantages of conventional vector quanti 
sation codebooks. 

It is a Second object of the present invention to provide a 
method of generating a vector quantisation codebook, 
wherein the entries in the codebook are used with Substan 
tially equal frequency when compressing data whose Statis 
tical properties mirror those of the training data used to 
construct the codebook. 

According to a first aspect of the present invention there 
is provided a method of constructing a vector quantisation 
codebook from at least one archetypal data array composed 
of a Set of data values, the method comprising: 

1) Selecting from the data array(s) a first multiplicity of 
n-dimension Sample vectors, each Sample vector con 
Sisting of a set of data values which are contiguous in 
the array(s) and each sample vector defining a point in 
a finite n-dimensional Space; 

2) partitioning said space into a predetermined number of 
regions, each region containing Substantially the same 
number of Sample vectors, 

3) assigning to each said region a unique index, where the 
indices are Selected to codify the partitioning proceSS 
carried out in Step 2); 

4) determining for Substantially all possible points within 
Said Space, the regions in which these points are 
located, and constructing a look-up indeX table map 
ping Substantially all possible points to the respective 
region indices, 

5) Selecting from the data array(s) a second multiplicity of 
n-dimension Sample vectors, each Sample vector con 
Sisting of a set of contiguous data values, and replacing 
each of these sample vectors with the associated region 
indeX obtained by looking up the indeX table generated 
in Step 4) to create a further data array or arrays; 

6) iteratively repeating steps 1) to 5) for the further data 
array(s) and any Subsequently generated further data 
array(s), wherein each index generated in the final 
iteration is derived from a set of n" dimension sample 
vectors in the archetypal data array(s), where m is the 
number of iterations carried out; 

7) for each index generated in the final iteration, creating 
ann" dimension reference vector which is representa 
tive of the associated Set of n' dimension Sample 
vectors in the archetypal data array; and 

8) constructing a codebook containing the reference 
vectors, where each indeX generated in the final itera 
tion points to the location in the codebook of the 
corresponding reference vector. 

The approach adopted is to find a Small set of points in an 
n dimensional Space which are representative of a much 
larger population. For an efficient coding all of these repre 
Sentative points should be equally frequently used. ASSume 
that we have Some information about the population to be 
represented, for instance an encoding of its probability 
density function over a regular grid in the n dimensional 
Space. The task can then be split into two parts: 

a) derive a partitioning of the n dimensional space into 
SubspaceS Such that the integrals of the probability 
density functions over all of the Subspaces are approxi 
mately equal; and 
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4 
b) find the centre of gravity of each Subspace and use this 

to represent the population within the Subspace. 
The problem is computationally difficult when one is 

working with high dimensional Spaces of the type used for 
image compression-16 dimensions and up. The theory 
behind the present invention is that Step a) can be made 
easier if it is performed on Spaces of low dimensions 
(typically 2), which implies that the whole task would be 
easy if there were Some way of Splitting the partitioning 
problem in n dimensions down into a Series of problems in 
lower dimensions. This approach of Splitting things up 
becomes possible if as a result of performing a partitioning 
on Say a 2 dimensional Space we are able to perform an 
approximately distance preserving projection from 
2-dimensional Sub-manifolds of the original n-dimensional 
Space into a 1-dimensional code Space which is itself a 
metric space. Thus by repeated pairwise application of the 
Submanifold reduction, we can transform Say a 16 dimen 
Sional metric space into an 8 dimensional metric code Space. 
Repeated application of the Submanifold reduction process 
can then allow us to map 16 dimensional Spaces onto one 
dimensional code Spaces. 

Preferably, in step 1), the selected vectors are distributed 
Substantially evenly about said data array(s). More 
preferably, every data value is contained within at least one 
VectOr. 

Preferably, Step 5) comprises Sub-dividing the data array 
(s) into said Second multiplicity of Sample vectors, So that 
every entry is contained within at least one vector. Alterna 
tively however, the Selected vectors may encompass only a 
fraction of the data array, where that fraction coincides with 
those areas from which the first multiplicity of sample 
Vectors are Subsequently chosen. 

In one embodiment of the present invention, Step 2) 
comprises: (a) determining the mean and variance of the 
distribution of vectors for each dimension of Said space; (b) 
identifying that dimension for which the vectors have the 
greatest variance; and (c) dividing the space into two 
regions, a first region containing those vectors which have a 
value for the Selected dimension which exceeds the mean 
value and a Second region containing those vectors which do 
not. For each region, Steps (a) to (c) are recursively repeated 
until the required number of regions is obtained. This 
number is determined by the desired size of the look-up 
index tables. 

In an alternative embodiment of the invention, Step 2) 
comprises determining the Principal Component (or regres 
sion line) of the vector distribution and then determining the 
mean of the Principal Component. The Space is then Split 
into two by a line perpendicular to the Principal Component 
and passing through the mean thereof to create two regions 
or Sub-Spaces. Each of these regions is in turn Split, with the 
process continuing recursively until a desired number of 
regions is achieved. 

Whilst the two partitioning operations set out above 
involve repeated applications of the same partitioning Step, 
this is not an essential feature of the invention. In an 
alternative embodiment, two different partitioning Steps 
could be applied alternatively in each partitioning operation. 
The number of regions created by the partitioning opera 

tion is typically less than 1000 to 4000, e.g. 128 or 256. For 
higher numbers of regions, the computational complexity 
may be unmanageable. 

Preferably, for each repeat of steps 1) to 4), the Sequence 
in which the regions are created is used to determine the 
assignment of indices. In particular (for binary indices), the 
first Split determines the most significant bit of the index, the 
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Second split the next most significant bit etc. The appropriate 
bit is Set to 1 for the region containing vectors exceeding the 
mean and to 0 for the region containing vectors below the 
mean. It will be appreciated that a similar result can be 
achieved by replacing 1's with 0's and 0's with 1's. 

Preferably, in Step 3), the result of assigning the indices is 
that the indices preserve the order of the regions having 
regard to the average value of data values making up the 
vectors of each region. 

The present invention is particularly applicable to creating 
codebooks for use in compressing digital imageS which 
comprise an array of image pixels, each defined by an 
intensity value. The vectors at the first level represent 
patches of contiguous pixels in an archetypal image frame 
whilst the vectors at the higher levels correspond to patches 
in a shrunk image. At each level, the regions are assigned 
indices which preserve the Subjective order of the regions. 
For example, regions containing relatively dark patches are 
assigned relatively low indices whilst regions containing 
relatively bright patches are assigned relatively high indices. 

Preferably, in step 1) of the above method, n=2. More 
preferably, in the first iteration, every pair of horizontally 
adjacent data values in the archetypal data array(s) is 
Selected to provide the vectors for use in Step 2) So that 
Substantially all data values appear in two data value pairs. 
In Step 5), the or each data array is Sub-divided into 
horizontally adjacent pairs of data values So that each pair 
abuts the neighbouring pair(s). In the Second iteration, in 
Step 1) every pair of Vertically adjacent data values are 
extracted whilst in step 5) if the process comprises three or 
more iterations the or each further data array is Sub-divided 
into Vertically adjacent pairs of data values. For each Sub 
Sequent iteration, horizontally and Vertically adjacent pairs 
of data values are chosen alternately. 

Whilst the sample vectors of the first and second multi 
plicities preferably all have the same orientation, this is not 
essential. For example, there may be a mixture of horizontal 
and Vertical patches in either of the multiplicities. 
The above method is capable of producing optimised 

codebooks for use in any vector quantisation process. 
However, it is particularly Suited to producing codebooks for 
use in hierarchical vector quantisation (HVO) processes 
given that indeX look-up tables for each level, and which are 
necessary for HVO, are an inherent product of the codebook 
creation method. 

In certain embodiments of the above method, it may be 
desired to additionally carry out steps 7) and 8) at the end of 
each iteration So as to create a codebook at each level. This 
may be necessary, for example, where an image is to be 
compressed using variable sized reference vectors. 

According to a Second aspect of the present invention 
there is provided a method of constructing a vector quanti 
sation codebook from at least one archetypal data array 
composed of a Set of data values, the method comprising: 

1) Selecting from the data array(s) a first multiplicity of 
n-dimension Sample vectors, each Sample vector consisting 
of a set of data values which are contiguous in the array(s) 
and each Sample vector defining a point within a finite 
n-dimensional Space; 

2) partitioning said space containing said Sample vectors 
into a predetermined number of regions containing Substan 
tially the same number of vectors, 

3) assigning to each said region a unique index, where the 
indices are Selected to codify the partitioning process carried 
out in Step 2), 

4) determining for Substantially all possible points within 
Said space the regions in which these points are located, and 
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6 
constructing a look-up indeX table mapping Substantially all 
Such possible points to the respective region indices, 

5) for each region, determining a reference vector which 
is representative of the Sample vectors in that group; and 

6) constructing a codebook containing the reference is 
vectors, where each indeX points to the location in the 
codebook of the corresponding reference vector. 

According to a third aspect of the present invention there 
is provided a method of constructing a set of indeX tables for 
use in a hierarchical vector quantisation process, the tables 
being constructed from at least one archetypal data array 
composed of a Set of data values, the method comprising: 

1) Selecting from the data array(s) a first multiplicity of 
n-dimension Sample vectors, each Sample vector con 
Sisting of a set of data values which are contiguous in 
the array(s) and each sample vector defining a point in 
a finite n-dimensional Space; 

2) partitioning said space into a predetermined number of 
regions, each region containing Substantially the same 
number of Sample vectors, 

3) assigning to each said region a unique index, where the 
indices are Selected to codify the partitioning process 
carried out in Step 2); 

4) determining for Substantially all possible points within 
Said Space, the regions in which these points are 
located, and constructing a look-up indeX table map 
ping Substantially all possible points to the respective 
region indices, 

5) Selecting from the data array(s) a second multiplicity of 
n-dimension Sample vectors, each vector consisting of 
a set of contiguous data values, and replacing each of 
these Sample vectors with the associated region index 
obtained by looking up the indeX table generated in Step 
4) to create a further data array or arrays; and 

6) iteratively repeating steps 1) to 5) for the further data 
array(s) and any Subsequently generated further data 
array(s), wherein each index generated in the final 
iteration is derived from a set of n" dimension sample 
vectors in the archetypal data array(s), where m is the 
number of iterations carried out. 

The method of the above third aspect of the present 
invention is able to generate a Set of indeX tables for use in 
applications where it is desired to encode data but where it 
is not necessary to be able to reconstruct the original data 
from the encoded data, i.e. where a codebook is unnecessary. 
The term archetypal used above encompasses real 

images captured, for example, using a camera. However, the 
term also encompasses artificially generated imageS Such as 
pre-existing codebooks 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention and in 
order to show how the same be carried into effect reference 
will now be made, by way of example, to the accompanying 
drawings, in which: 

FIG. 1 illustrates schematically a two layer hierarchical 
vector quantisation proceSS. 

FIG. 2 illustrates a 2-D digital image frame for compres 
Sion; 

FIG. 3 shows a first level frequency map obtained from 
the image frame of FIG. 2; 

FIG. 4 shows a first level shrunk image frame obtained 
from the image frame of FIG. 2 using the frequency map of 
FIG. 3; 

FIG. 5 shows a second level frequency map obtained from 
the image of FIG. 4; and 
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FIG. 6 shows a second level shrunk image frame obtained 
from the image frame of FIG. 2 using the frequency map of 
FIG. 5. 

DETAILED DESCRIPTION OF THE 
INVENTION 

There is shown in FIG. 2 a two dimensional black and 
white digital image which is composed of 320x200 pixels. 
The brightness level or intensity of each pixel is defined 
within the range 0 to 256 (i.e. by an 8-bit binary integer). 
Suppose that it is desired to compress the image of FIG. 2 
by a factor of 4 using a hierarchical vector quantisation 
process. This process is illustrated in FIG. 1 and has been 
described above. The image is firstly sub-divided into regu 
lar 2x2 pixel image patches. Each of these patches is then 
divided into upper and lower pixel pairs. For each patch in 
turn, the upper and lower pairs are fed in parallel to identical 
first level look-up tables To to derive the first level indices 
for each pair. The resulting pair of indices are then fed to a 
Second level look-up table T to derive a second level index 
which addresses a reference patch in a codebook. A com 
pressed representation of the image is created by Storing 
only the positions in the image of each of the image patches 
and the respective indices. In order to decompress the data, 
it is only necessary to access the codebook, or a copy of the 
codebook, using the indices and to correctly order the 
resulting reference patches. 

It follows from a basic concept of information theory that 
the most efficient codebook is that which contains only 
patches which are likely to occur in an image to be com 
pressed with equal frequency. In contrast, a codebook which 
contains patches which are never, or only infrequently, used 
when compressing images will be extremely inefficient. AS 
noted above, codebooks are generally created using a set of 
test or archetypal imageS which are expected to be typical of 
images to be compressed. Therefore, if the patches in the 
codebook occur with Substantially equal frequency in the 
test images, it is likely that these patches will also occur with 
equal frequency in images to be compressed. 

The first Step in constructing a codebook of 2x2 pixel 
patches Suitable for compressing the image frame of FIG. 2, 
is to extract every pair of horizontally adjacent pixels from 
a digital archetypal image (in this case the image frame of 
FIG. 2 may be considered an archetypal image) Such that 
every pixel, other than pixels at the edges of the frame, 
appear in two different pairs. AS already noted, the arche 
typal image is Selected to have similar properties to images 
to be compressed. The intensities of the right and left pixels 
of each pair are then plotted against each other in a two 
dimensional space to obtain a first level frequency map (or 
occurrence map) which shows the intensity distribution of 
the pixel pairs. The map for the image of FIG. 2 is shown in 
FIG. 3 where, for the purpose of illustration, bright areas 
correspond to a high density of Similar pixel pairs whilst 
dark areas correspond to a low density of Similar pixel pairs. 
In a typical image, adjacent pairs of pixels will tend to have 
Similar intensities (except where a pixel pair Straddles a 
Sharp edge) resulting in a high intensity band running across 
a diagonal of the frequency map from the bottom left of the 
map to the top right. 

The intensity distribution is then determined for both axes 
of the map. The distribution for the x-axis is illustrated 
alongside the X-axis. From the distributions, it is possible to 
determine the mean, and hence the variance, of the distri 
bution with respect to each axis. The frequency map is then 
partitioned into two regions by a partitioning line (in this 
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8 
case it is the line denoted A) parallel to the axis having the 
least variance and passing through the mean intensity of the 
other axis to create two new Sub-maps. It will be apparent 
that both of these Sub-maps will contain approximately the 
Same number of pixel pairs. Taking each of the new Sub 
maps Separately, and by way of illustration the intensity 
distribution for the y-axis of one of the Sub-maps is shown 
in FIG. 3, this process is repeated recursively So as to create 
further frequency Sub-maps (by partitioning along the appro 
priate partitioning lines B, C and D) each of which again 
contains approximately the same number of pixel pairs. The 
process is repeated until the number of Sub-maps or groups 
equals the desired number of entries in the first level 
codebook, e.g. 256. 
AS the Sub-map creation process proceeds, indices or 

identifiers are dynamically assigned to the Sub-maps to 
codify the partitioning process. For the case where 256 
Sub-maps are to be created, 8-bit binary indices are required. 
The first split in the process determines the most significant 
bit of the index, the Second Split the next most Significant bit 
etc. Also, where a horizontal Split occurs, e.g., by partition 
ing line A, the relevant bit for the upper Sub-map is Set to 1 
and that for the lower sub-map is set to 0. Where a vertical 
Split occurs, e.g., by partitioning line D, the relevant bit for 
the right Sub-map is set to 1 whilst that for the left sub-map 
is set to 0. The result is a set of indices which tend to 
preserve the Subjective intensity of the maps. For example, 
the sub-map at the top right of FIG. 3 will have the highest 
index, corresponding to a high intensity, whilst that at the 
bottom left will have the lowest index, corresponding to a 
low intensity. 

Each of the Sub-maps or groups encompasses a region of 
the frequency map and each point within the total space falls 
within a sub-map. A first level look-up index table T is 
created which contains every possible point in the Space, 
where each point is mapped to the indeX for the Sub-map in 
which that point is located. For example, where the pixel 
intensities range from 0 to 255, the index table To will 
contain 256x256 entries. 

For each Sub-map, a 2x1 pixel reference patch is then 
created by obtaining the mean intensity values for the right 
and left pixels of all of the pixel pairs which comprise that 
Sub-map. These reference patches are then Stored as a first 
level codebook Bo, where the location in the codebook of a 
reference patch is pointed to by the associated index. 
The next Step in the codebook creation process is to 

Sub-divide the test image into pairs of horizontally adjacent 
pixels and to replace each of these pairs with the associated 
first level index. This results in an image which is shrunk 
from left to right as shown in FIG. 4. An important point to 
note is that, because the indices preserve the intensity order 
of the Sub-maps, the first level shrunk image remains rec 
ognisable. 
A Second level frequency map is next created from the 

first level shrunk image, only this time every pair of Verti 
cally adjacent pixels are extracted and the intensities of the 
upper and lower pixels plotted against each other. This is 
illustrated in FIG. 5, which also shows the result of parti 
tioning the map in the way Set out above. Indices are again 
dynamically assigned. 

It will be appreciated that each pixel in the first level 
shrunk image is an index which is mapped to a two pixel 
reference patch in the first level codebook Bo and that each 
entry in the Second level frequency map therefore corre 
sponds to a 2x2 patch of pixels. For each map of the Second 
level frequency map therefore, a 2x2 pixel reference patch 
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can be created by determining the mean values for the four 
pixels from each of the patches in that map. A Second level 
indeX look-up table To is constructed which contains every 
possible combination of vertically adjacent first level indices 
together with the associated Second level indices. A Second 
level codebook is then constructed to contain the reference 
patches, where the location of a reference patch is pointed to 
by the associated Second level index. 

If it is desired to achieve a higher compression ratio than 
can be achieved with 2x2 pixel codebook patches, the 
proceSS can be iteratively repeated to create a third level 
codebook (4x2pixel patches), a fourth level codebook (4x4 
pixel patches) etc. 
A Surprising advantage of the present invention is that it 

may provide a compressed representation of a data array 
which is tolerant to the loss of least significant bit (lsb) data 
from index byte-integers. This is because these indices 
preserve the subjective order of the codebook patches which 
they represent. Thus, the patches pointed to by indices 
00110010 and 00110011 will tend to be similar So that an 
error in the lsb of an index, whilst resulting in the Selection 
of the incorrect patch for the decompressed image, will not 
Substantially distort that image. It is common in many digital 
transmission Systems to only transmit error correction codes 
for the most significant bits of digital data (e.g. GSM cellular 
phones). It will be apparent therefore that the method of the 
present invention is ideally Suited to transmission by Such 
transmission Systems. Furthermore, the tolerance of the 
compressed representations resulting from the present 
invention enables increased compression ratioS to be 
obtained merely by removing one or more lsb’s from the 
indices. 

The method Set out above involves repeatedly partitioning 
the frequency maps at each level into two using either a 
horizontal or a vertical axis. By performing the partitioning 
along the axis of greatest variance it is ensured that the 
expected distances between the map entries and the means 
of the new sub-maps is lower than would be the case if the 
Sub-maps are partitioned along the axis of least variance. 
This principle can be exploited further by determining the 
variance along more than two axes. One practical method of 
achieving this is to calculate the Principal Component of the 
frequency map. This is described in Negative feedback as 
an organising principle for Artificial Neural Nets, Ph. D. 
Thesis, Strathclyde University, UK. The map is partitioned 
by a line extending at right angles to the Principal Compo 
nent and passing through the mean of the Component. The 
proceSS is repeated for each Sub-map. 

It will be appreciated that various modifications may be 
made to the above described embodiment without departing 
from the Scope of the present invention. For example, colour 
image frames may be compressed by considering each 
primary colour Separately. The same codebook may be used 
for each colour. 

In Some vector quantisation methods, compression is 
performed on image patches whose mean and variance 
values have been pre-normalised. In order to reconstruct the 
original image, the codebook indices are Stored/transmitted 
along with the mean and variance values of the original 
patches. Codebooks for use with these methods comprise 
reference patches which also have their mean and variance 
values normalised. When preparing codebooks of this type 
it is appropriate to avoid biasing the frequency map with a 
lot of entries drawn from patches having a low variance 
Since, when a patch of low variance is sent, most of the 
transmitted information is encoded in the value for the mean 
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of the patch. The construction of codebooks can therefore be 
improved by pre-processing the training Set to remove 
patches having a low variance. This can readily be done by 
making the probability that a patch is retained in the training 
Set to be Some increasing function of its variance. 

For certain applications it may only be necessary to 
construct the look-up indeX tables, the actual codebooks 
being unnecessary. Consider for example the situation where 
it is desired to recognise a human face for the purpose of 
Security. A Set of indeX tables are generated as described 
above. Using a HVO process, images of the faces of perSons 
having Security clearance are encoded, the result for each 
image being an array of indices at the final level. If a 
codebook had been created, these indices would address 
respective patches in the codebook. These arrays are stored 
in a database. When a perSon requires Security clearance, an 
image of their face is obtained and is encoded using the 
HVO process. The resulting array of indices is then com 
pared against those Stored in the database. 
What is claimed is: 
1. A method of constructing a vector quantisation code 

book from at least one archetypal data array composed of a 
Set of data values, the method comprising: 

1) Selecting from the data array(s) a first multiplicity of 
n-dimension Sample vectors, each Sample vector con 
Sisting of a set of data values which are contiguous in 
the array(s) and each sample vector defining. a point in 
a finite n-dimensional Space; 

2) partitioning said space into a predetermined number of 
regions, each region containing Substantially the same 
number of Sample vectors, 

3) assigning to each said region a unique index, where the 
indices are Selected to codify the partitioning process 
carried out in Step 2); 

4) determining for Substantially all possible points within 
Said Space, the regions in which these points are 
located, and constructing a look-up indeX table map 
ping Substantially all possible points to the respective 
region indices, 

5) Selecting from the data array(s) a second multiplicity of 
n-dimension Sample vectors, each Sample vector con 
Sisting of a set of contiguous data values, and replacing 
each of these sample vectors with the associated region 
indeX obtained by looking up the indeX table generated 
in Step 4) to create a further data array or arrays; 

6) iteratively repeating steps 1) to 5) for the further data 
array(s) and any Subsequently generated further data 
array(s), wherein each index generated in the final 
iteration is derived from a set of n" dimension sample 
vectors in the archetypal data array(s), where m is the 
number of iterations carried out; 

7) for each index generated in the final iteration, creating 
an n' dimension reference vector which is representa 
tive of the associated Set of n' dimension Sample 
Vectors in the archetypal data array; and 

8) constructing a codebook containing the reference 
Vectors, where each indeX generated in the final itera 
tion points to the location in the codebook of the 
corresponding reference vector. 

2. The method of claim 1 wherein, in step 1, the selected 
vectors are distributed Substantially evenly about Said data 
array(s). 

3. The method of claim 1, wherein step 5) comprises 
Sub-dividing the data array(s) into said Second multiplicity 
of Sample vectors, So that every entry is contained within at 
least one vector. 
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4. The method of claim 1, wherein step 2) comprises: (a) 
determining the mean and variance of the distribution of 
vectors for each dimension of Said space; (b) identifying that 
dimension for which the vectors have the greatest variance; 
and (c) dividing the space into two regions, a first region 
containing those vectors which have a value for the Selected 
dimension which exceeds the mean value and a Second 
region containing those vectors which do not. 

5. The method of claim 1, wherein step 2) comprises 
determining the Principal component (or regression line) of 
the vector distribution in the Space, and then determining the 
mean of the Principal Component, then splitting the Space 
into two by a line perpendicular to the Principal Component 
and passing through the mean thereof to create two regions 
or Sub-Spaces. 

6. The method of claim 4, wherein in alternative 
repetitions, Step 2) comprises determining the Principal 
Component (or regression line) of the vector distribution in 
the Space, and then determining the mean of the Principal 
Component, then splitting the Space into two by a line 
perpendicular to the Principal Component and passing 
through the mean thereof to create two regions or Subspaces. 

7. The method of claim 5, wherein in alternative repeti 
tions step 2) comprises: (a) determining the mean and 
variance of the distribution of vectors for each dimension of 
said space; (b) identifying that dimension for which the 
vectors have the greatest variance; and (c) dividing the space 
into two regions, a first region containing those vectors 
which have a value for the selected dimension which 
exceeds the mean value and a Second region containing 
those vectors which do not. 

8. The method of claim 1, wherein for each repeat of steps 
1) to 4), the Sequence in which the regions are created is used 
to determine the assignment of indices. 

9. The method of claim 8, wherein in alternative repeti 
tions for binary indices, the first split determines the most 
Significant bit of the index, the Second split the next most 
Significant bit and So on. 

10. A method of constructing a vector quantisation code 
book from at least one archetypal data array composed of a 
Set of data values, the method comprising: 

1) Selecting from the data array(s) a first multiplicity of 
n-dimension Sample vectors, each Sample vector con 
Sisting of a set of data values which are contiguous in 
the array(s) and each sample vector defining a point 
within a finite n-dimensional Space; 

2) partitioning said space containing said Sample vectors 
into a predetermined number of regions containing 
Substantially the same number of vectors, 
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3) assigning to each said region a unique index, where the 

indices are Selected to codify the partitioning process 
carried out in Step 2); 

4) determining for Substantially all possible points within 
Said Space the regions in which these points are located, 
and constructing a look-up indeX table mapping Sub 
Stantially all Such possible points to the respective 
region indices, 

5) for each region, determining a reference vector which 
is representative of the Sample vectors in that group; 
and 

6) constructing a codebook containing the reference 
Vectors, where each indeX points to the location in the 
codebook of the corresponding reference vector. 

11. A method of constructing a set of index tables for use 
in a hierarchical vector quantisation process, the tables being 
constructed from at least one archetypal data array com 
posed of a set of data values, the method comprising: 

1) Selecting from the data array(s) a first multiplicity of 
n-dimension Sample vectors, each Sample vector con 
Sisting of a set of data values which are contiguous in 
the array(s) and each sample vector defining a point in 
a finite n-dimensional Space; 

2) partitioning said space into a predetermined number of 
regions, each region containing Substantially the same 
number of Sample vectors, 

3) assigning to each said region a unique index,where the 
indices are Selected to codify the partitioning process 
carried out in Step 2); 

4) determining for Substantially all possible points within 
Said Space, the regions in which these points are 
located, and constructing a look-up indeX table map 
ping Substantially all possible points to the respective 
region indices, 

5) Selecting from the data array(s) a second multiplicity of 
n-dimension Sample vectors, each vector consisting of 
a set of contiguous data values, and replacing each of 
these Sample vectors with the associated region index 
obtained by looking up the indeX table generated in Step 
4) to create a further data array or arrays; and 

6) iteratively repeating steps 1) to 5) for the further data 
array(s) and any Subsequently generated further data 
array(s), wherein each index generated in the final 
iteration is derived from a set of n" dimension sample 
vectors in the archetypal data array(s), where m is the 
number of iterations carried out. 


